Pentaerythritol Tetranitrate (PETN) Surveillance by HPLC-MS: Instrumental Parameters Development

Summary:
Surveillance of PETN Homologs in the stockpile here at LLNL is currently carried out by high performance liquid chromatography (HPLC) with ultra violet (UV) detection. Identification of unknown chromatographic peaks with this detection scheme is severely limited. The design agency is aware of the limitations of this methodology and ordered this study to develop instrumental parameters for the use of a currently owned mass spectrometer (MS) as the detection system. The resulting procedure would be a "drop-in" replacement for the current surveillance method (ERD04-524). The addition of quadrupole mass spectrometry provides qualitative identification of PETN and its homologs (Petrin, DiPEHN, TriPEON, and TetraPEDN) using a LLNL generated database, while providing mass clues to the identity of unknown chromatographic peaks.
Experimental:
Standards Preparation
Stock standards were made in acetonitrile (ACN) from the following bulk materials. Calibration standards (50% ACN: 50% Water) were produced from these stocks in a concentration range from 0.5 mg/L to 22 mg/L Calibration Peak areas were recorded for both UV and MS detectors. Acceptable linearity was demonstrated with UV detection. The MS detector, while providing powerful qualitative information, did not provide linear response over the selected calibration range.
HPLC Conditions
After systematic evaluation of chromatographic parameters, the HPLC conditions were set as follows and are detailed in Appendix A.
• Column: Agilent LiChrospher RP-8, 125mm x 4mm ID, 100 Ǻ pore size, 5 µm particle size. 
Method Detection Limits (MDL)
Standards representing sample homolog concentrations of 0.1 to 0.2 % were run seven times to determine the MDL for each analyte. The results were calculated by the following formula and are found in Table 1 . Raw data in the form of chromatograms can be found in Appendix B. MDL (7) = s*3.14 s = Standard Deviation 
Data Analysis
Data reduction and results calculation was done by Agilent Chemstation software. Calibration curves and integration parameters are found in the detailed method listing in Appendix C.
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Results and Discussion:
Method Sensitivity
The MS detection platform proved unable to hit the RM Spec detection limit of 0.01%. However, the UV detector meets this requirement for all analytes. Since the UV detector is non-destructive, it is recommended that it be used in series prior to the MS. This will meet current RM Spec criteria while providing qualitative analyte identification.
Key Method Constraints
The use of currently owned technology due to the limited scope and budget of this work led to the following constraints.
• Limiting the analysis to HPLC-MS eliminated the possibility of exploring other techniques potentially better suited to detect PETN breakdown products. • The silica cartridge based column employed precludes the use of very acidic or basic conditions, limiting our chromatographic flexibility. • Quadrupole mass spectrometry has limited mass accuracy (± 1 amu), which prevents positive identification of molecular formula. • HPLC-MS detection with electrospray introduction leads to adduction of the eluted compound to co-sprayed ions due to conditions found in the mass spectrometer source. The effective use of "user generated" libraries is highly subject to run conditions. Stringent control of method parameters and chemical quality is absolutely necessary to maintain functionality.
Recommendations
The focus of this work was on producing a method with the currently owned quadrupole detection platform and chromatography system. It must be emphasized that this instrumentation is not the optimum set-up to generate the best liquid chromatography-mass spectrometry data available today. A broadened scope and funding is required to produce a truly "enhanced" methodology for the characterization of PETN powders. In my opinion, while somewhat underwhelming in overall performance, the procedure produced in this work is an adequate replacement for the current HPLC-UV method used in detonator surveillance (ERD04-524).
Currently published work (1) , using the exact same instrumentation employed in this work, showed no evidence of newly identified breakdown products. Additionally, work published here at LLNL suggests that potential breakdown products may not be physically amenable to HPLC analysis (2) . This suggests that other methodologies must be pursued to potentially unlock degradation pathways not yet documented in stockpile relevant samples. Industrial partnerships with companies willing to run demonstration samples on "state of the art" instrumentation could provide us with vital information to solidify the path an improved understanding of PETN aging in the enduring stockpile.
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